Four dimensional supergravities may be the right framework to describe particle physics at low energies. Its connection to the underlying string theory can be implemented through higher dimensional supergravities which bear special characteristics. Their reduction to four dimensions breaks supersymmetry whose magnitude depends both on the compactifying manifold and the mechanism that generates the breaking. In particular compactifications, notably on a S 1 /Z 2 orbifold, the breaking of supersymmetry occuring on a hidden brane, residing at one end of S 1 /Z 2 , is communicated to the visible brane which lies at the other end, via gravitational interactions propagating in the bulk. This scenario has been exemplified in the framework of the N = 2, D = 5 supergravity. In this note, motivated by the recent developments in the field, related to the six-dimensional description of the supergravity theory, we study the N = 2, D = 5 supergravity theory as originating from a D = 6 supergravity which, in addition to the gravity, includes a number of tensor multiplets. This reduces to N = 1, D = 4 supergravity in a two step manner, first by Kaluza-Klein reduction followed by a S 1 /Z 2 orbifold compactification. The resulting theory has striking similarities with the one that follows from the single standalone N = 2, D = 5 supergravity, with no reference to the underlying higher dimensional D = 6 supergravity, and a structure that makes the supersymmetry breaking mechanisms studied in the past easily incorporated in higher dimensional schemes.
Introduction
The study of supergravities in five and six dimensions has been revived in recent years for various reasons. In particular, six dimensional supergravity theories naturally arise as realizations of F-theory [1] while five-dimensional theories may emerge as limits of M-theory [2] [3] [4] . Also the duality between F and M theory is better studied via the reduction of six-dimensional to five-dimensional supergravity [5] [6] [7] . Besides it has been long known that five-dimensional supergravity compactified on S 1 /Z 2 may arise as the effective theory of stongly coupled heterotic string theory [8] . The latter has stimulated the interest towards studying the phenomenological and cosmological [9, 10] consequences of supersymmetric brane world models. In the framework of these models, the S 1 /Z 2 orbifold compactification determines effectively two spatially threedimensional branes one of which is identified as the visible world and the other is the invisible brane or the so called hidden brane. An important issue, which has been extensively studied in this context, is the origin of supersymmetry breaking. Towards that goal there are several mechanisms proposed in literature and a popular scenario is the one in which the supersymmetry breaking takes place at the hidden brane and this breaking is radiatively communicated through the bulk to the visible world. In this context the five-dimensional theory considered is mainly pure supergravity and thus the interactions propagating in the five-dimensional space is gravity and the radion multiplet connected to the geometry of the fifth dimension. The latter acts as a messenger of the supersymmetry breaking, along with the five-dimensional gravity multiplet, via loop corrections, from the hidden to the visible brane where the observable fields live. A striking feature of this mechanism is the fact that the resulting supersymmetry breaking scale turns out to be finite, due to cancellations between bosonic and fermionic contributions occurring in loops, and also to the fact that the size of the orbifold is non-vanishing setting the separation of the two branes and the scale of supersymmetry (SUSY) breaking.
The aforementioned scheme was exemplified in previous works [31, 32] , where observable fields were assumed to live on the visible brane interacting with the bulk gravity which mediates supersymmetry breaking which takes place at the hidden brane. It would be interesting to see if this mechanism can be generalized in such a way that is embedded in the framework of a higher dimensional supergravity theory and if so what are the consequences for the supersymmetry breaking scale and its implications for phenomenology. In this note we undertake this problem and investigate the possibility of the transmission of the supersymmetry breaking in models originated from the six-dimensional (1, 0) supergravity [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . In particular we take up the point that the N=2 five-dimensional supergravity [47, 48] is originating by Kaluza-Klein compactification of a simple (1, 0) six-dimensional supergravity with tensor multiplets present.
We find that the S 1 /Z 2 orbifolding shares the basic features which permit the transmission of the supersymmetry breaking from the hidden to the visible brane via fields that live on the branes and are propagating in the bulk. However a basic difference emerges from the purely five-dimensional considerations, pertinent to the existence of many chiral multiplets involved, which are unavoidable when we compactify from higher dimensions. Their projections to the branes is described by a Kähler function reminiscent of the no-scale type [49] . Due to this structure, the introduction of a superpotential on the branes leads to positive definite scalar potential, as in the pure five-dimensional case, while considering a constant superpotential, in order to generate the supersymmetry breaking on the hidden brane, gives no potential on it.
These basic ingredients for the transmission of supersymmetry breaking are preserved in the 6-dimensional considerations and the successful predictions of the five-dimensional models remain in principle intact.
N = 2, D = 5 supergravity and its D = 4 reduction
In an earlier paper [31] we studied the reduction of the five-dimensional supergravity on S 1 /Z 2 orbifold the ends of which may be conceived as two branes. We assumed that only gravity propagates in the fifth dimension and the observable matter is located on one of the two branes although other more complicated options are available. The Lagrangian is of the form L = interactions with the projections of the bulk fields on the brane. L b has the structure of a four-dimensional supergravity which includes except the observable chiral and vector multiplets the radion multiplet. In particular was found that the Lagrangian part L b can be described by a Kähler function
where K i (φ i , φ * i ) are the Kähler functions, in general, of the fields, i = V , that are located on the visible brane at x 5 = 0, and those that are located on the hidden brane, i = H , which lies at x 5 = π R . In (1) the scalar T belongs to the radion multiplet which with a proper normalization has components T, χ T given by
In it e5 5 is the vielbein component associated with the fifth dimension, A 5 is the fifth component of the gravi-photon and similarly ψ 2 5 is the fifth component of the second of the gravitino fields ( for details see [31] ). Besides, superpotential couplings, which are descibed by proper superpotentials W V (φ V ) and W H (φ H ), have to be added in order to complete the picture.
These results hold to order k 2 5 , where k 2 5 is the five-dimensional Newton's constant, and for their derivation we worked in the on-shell five-dimensional supergravity using Noether's method [50] .
The aforementioned scheme was employed in order to study the brane to brane mediation of the supersymmetry breaking mechanism. In order to pave the ground for the discussion that follows we only recall here the salient qualitative features of the mechanism deployed in previous works [31, 32] , where the above mechanism was employed. The hidden and the visible branes, located at the end points of S 1 /Z 2 , communicate through gravitational interactions which, we assume, are the only forces that propagate in the bulk and the only ones that can convey the message of supersymmetry breaking from the hidden brane to the observable fields that are located on the visible brane. The orbifolding breaks one of the two supersymmetries of the N = 2 supergravity, while the remaining local supersymmetry is broken on the hidden brane, giving mass to the gravitino, by a properly chosen superpotential W H , and this breaking is transmitted to the visible fields. This idea has been exemplified in a simple model [32] and it has been shown that finite soft supersymmetry breaking terms can be induced which depend on the gravitino mass m 3/2 , and the size of the orbifold S 1 /Z 2 . Therefore the seeds of supersymmetry breaking reside on the hidden brane, where a superpotential breaks local supersymmetry, and it is essential that the brane-bulk field interactions are fully known and in particular those that are relevant for the transmission of supersymmetry breaking from one brane to the other. A convenient option for the hidden superpotential is to take it to be a constant W H = c [17, 24] whose value is directly related to the gravitino mass by m 3/2 = k 2 5 c/πR , where πR sets the size of S 1 /Z 2 2 . Therefore the gravitino mass m 3/2 can be traded for the parameter c which is set by the constant superpotential. The supersymmetry breaking is transmitted to the observable fields on the visible brane via gravitational interactions through loops including the graviton and gravitino fields as well as the fields of the radion multiplet. We remark that the role of the radion multiplet is essential in this approach since its presence yields contributions that can make the soft masses squared of the squarks and sleptons be non-tachyonic. In [31, 32] we exemplify the above mechanism in a simple prototype and showed that finite soft supersymmetry breaking parameters are indeed generated by loops, which involve the gravitino and the fermion of the radion multiplet, and their magnitudes can be determined.
After this outline of the salient features of the five-dimensional supergravity and its role for the brane to brane mediation of the supesymmetry breaking it is essential to explore whether 2 m 3/2 is actually the mass of the lowest gravitino mode, in the approximation k this scheme can be incorporated, if it does at all, in the framework of higher dimensional supergravities as discussed in the introduction. This is important if we believe that the low energy supersymmetry has its origin in a more fundamental theory, like string theory for instance , which includes gravity and has supersymmetric structure.
In the following section we shall embark on first discussing the six-dimensional supergravity, which is the simplest higher dimensional scheme in which the five-dimensional supergravity can be embedded and its reduction following the Kaluza -Klein ansatz.
3 From six to five-dimensional supergravity via Kaluza-Klein reduction
Our starting point is the simplest six-dimensional supergravity which, except the gravity multiplet, we assume it includes additional tensor multiplets. The role of tensor multiplets is essential for the cancellation of anomalies in higher supergravities, as well as the presence of hypermultiplets. In this work we do not proceed to a full investigation of the problem and the construction of an anomaly-free model. However we allow for the existence of tensor multiplets to preserve the qualitative features of an anomaly-free theory [39, 44, 45] . Some models demand more than one tensor multiplets to guarantee absence of anomalies, however we start with the least content, allowing for one tensor multiplet, and later we generalize the result for more multiplets 3 .
Therefore in this consideration the spectrum consists of the supergravity multiplet
and a tensor multipletB 2MN , ϕ,X obeying the duality conditions
In the equations above r, s = 1, 2 , with η rs = diag(1, −1) and ( see for instance [37] )
The fieldsΨM ,X are left(right)-handed symplectic Majorana spinors.
The bilinear terms of the relevant six-dimensional Lagrangian arê
In this, ΓM are six-dimensional gamma matrices and ΓMN ....P denote their properly weighted antisymmetric products. Note that the tensor field kinetic terms for the case under consideration case may be put in a diagonal form
The supersymmetry transformations of the bosonic components are given by
whereBNP
In the transformation given by Eq. (7), the parameter defining the local supersymmetry transformations E is a left-handed symplectic Majorana spinor.
The standard Kaluza-Klein ansatz reduces the action to five dimensions. The field modes are considered not to depend on the sixth dimension and in particular the metric is decomposed in the following manner
The above decomposition corresponds to the following decomposition of the "sechsbein"
This reduction leads to a five-dimensional supergravity [5, 6] with the presence of two vector multiplets furnished by the fields
In order to bring the five-dimensional gravitational action to the Einstein-Hilbert form the following rescaling is necessary
That done the bilinear terms of the bosonic fields take on the form
where F
1,2
M N are the field strengths of the vector fields A
M respectively and F M N the field strength of A M stemming from the reduction of the metric ( see Eq. (8) ). Notice that the σ field kinetic term appear after the rescaling (10) . Moreover in order to have a canonical kinetic term and the standard supersymmetry transformation law for the five-dimensional gravitino field we have to make the following redefinitioñ
whereΨ M = e −σ/6 Ψ M . Rescaling the parameter of the supersymmetry transformation as
we recast the ordinary transformation law for the "fünfbein", i.e.
and coupling of brane fields
The orbifolding is implemented by decomposing the five-dimensional metric and assigning proper Z 2 -parities to the fields involved. In particular for the metric we decompose as:
The above decomposition corresponds to the following decomposition of the "fünfbein"
The parity assignments, including these for the "graviphoton" A M , go as follows
Even fields :
Odd fields :
The two supersymmetries, in the chiral D = 6 (1, 0) supergravity, have parameters the eightcomponent left-handed spinorsẼ
These are decomposed in five-dimensions in terms of two-component symplectic Majorana spinors in the following way,
ε is Z 2 -even and ζ is Z 2 -odd so that supersymmetric transformations of the surviving N = 1 supersymmetry on the branes, after orbifolding, are implemented by ε .
The coupling of the brane chiral multiplets in this model is obtained by Noether's method [50] which is more suitable for the case of on-shell supergravities. For details we point the reader to literature [25, 31, 51, 52] . We first consider the restriction of the bosonic kinetic terms of the even fields on the branes, introduced by the orbifolding, which are given by the following terms,
A rescaling of the four dimensional metric given bỹ g µν = e −τ g µν brings the terms given by Eq. (17) to the following form
It is interesting to see that the above bilinear terms of the scalar fields, in the frame that the four dimensional gravity action is canonical, are the kinetic terms of three complex scalar fields a i , i = 0, 1, 2 belonging to three chiral multiplets which stem from the Kähler function
The complex fields a i are expressed in terms of the ϕ, σ, τ, A 1 5 , A 2 5 and A 5 fields by 4
Note that in this case the "radion" field is expressed in a non-linear manner in terms of the fields a i as followsẽ5
Such a dependence of the radion field, in terms of the moduli fields, has been recently pointed out in [54] . The Kähler function (19) is of the no-scale type. In the absence of other superpotential couplings it would yield a vanishing scalar potential. It should be noted that the arising no-scale structure is due to the manner the four -dimensional supregravity is conceived as reduction of a higher supergravity theory. In our approach we first derived the N = 2, D = 5 supergravity from a (1,0) six-dimensional supergravity by Kaluza-Klein compactification, keeping only the zero modes, and then passed to a four-dimensional description on the branes by orbifolding on
Other schemes [53, 55] , in which D = 6 supergravity is compactified directly to a four dimensional supergravity, do not lead to models bearing the aforementioned no-scale structure.
The importance of having a no-scale structure is intimately connected with a positive scalar potential. In schemes where the connection to the six-dimensional supergravity is absent, the N = 2, D = 5 supergravity, when compactified on S 1 /Z 2 , has a radion multiplet whose scalar component has a real part linearly related toẽ5 5 , see (2) .
The couplings of the chiral multiplets living on the branes, of the model under study, is then obtained by considering the Kähler function
where ϕ V and ϕ H denote collectively the scalar fields of the chiral multiplets introduced on the visible and the hidden branes respectively. In order to complete the brane-bulk Lagrangian we have to consider the superpotential terms on the branes as well. As explained in [31] , introducing a superpotential W on any of the branes the potential induced is found from the expression
In this ∆ (5) are the relevant scalar delta function defined as usual by ∆ (5) = δ(x 5 )/ẽ5 5 , or ∆ (5) = δ(x 5 − πR)/ẽ5 5 , depending on the brane, and the indices α, β indicate a i or brane fields.
A straightforward computation shows that the negative term in the potential given by Eq. (23) is canceled out leaving a scalar potential which is positive definite. In particular the inverse Kähler matrix K β * α , evaluated as an expansion in powers of ∆ (5) satisfying
when plugged into (23) above, leads to elimination of the negative term and a positive scalar
emerges. In it the indices m, n run now over the brane fields only. The details of the calculation that leads to this form for the scalar potential is presented in the Appendix. 5 The ellipses denote terms of higher order in ∆ (5) .
We see that as far as the potential and consequently the process of supersymmetry breaking is concerned, we have the same situation as in the case of the N=2, D=5 supergravity discussed in the beginning which stands alone without reference to a higher dimensional supergravity it has its origin in. The reason behind this result is due to the fact that the "Kähler" function Λ of Eq. (19) , which describes the Lagrangian of the restriction of the three complex fields on the branes, can be also written, using (21), as
This states that Λ is expressed in terms of the radion field in the same way as in previous considerations, however now the radion is a non-trivial function of the fields a i .
The above result can be generalized in the case of an arbitrary number n T of tensor multiplets. In this case the indices of the metric G rs in (6) run from one to n T + 1 and the terms involving the field strengthsĤ sMNP ( compare with (6) ) are again given bŷ
Then a diagonalization of the metric G rs is necessary in order to bring these terms to a diagonal form as was done for the case of one tensor multiplet n T = 1. That done Eq. (11) is generalized to
where in the base of a diagonal metric the elements f r (ϕ i ), which are positive definite, depend on the scalar fields of the tensor multiplets ϕ i under consideration. In this case we have n T + 2 chiral multiplets living on the branes, including the one stemming from the metric, and their corresponding complex scalar fields are given by
In this case the "radion" field is expressed as a combination of all the fields a i involved as
This generalizes the previous result (21) for the case of one tensor multiplet. This is derived quite easily by first eliminating σ, which is done by combining the real parts, and using the fact that f r = 1 since the metric determining the kinetic terms of the tensor fields and the accompanying scalars has unit determinant. Now the "Kähler" function Λ, which describes the restriction of the n T + 2 complex fields on the branes, is given by
From this form the no-scale structure of the five-dimensional moduli, in the effective fourdimensional theory, is already recognized [8, 54] . The novel feature in this consideration, which has its root in the the six-dimensional origin of the model at hand, is that the effect of all moduli fields, stemming from the tensor multiplets, are combined in a particular way to be expressed in terms of the "radion" componentẽ5 5 in the way displayed by eq. (29) . This result could not have been anticipated.
The mediation of the supersymmetry breaking
From the discussion presented in previous chapters, concerning the mechanism of the sypersymmetry breaking, it is apparent that this can be transmitted to the observable fields on the visible brane via gravitational interactions through loops including the gravitino fields as well as fermions of other chiral multiplets as already outlined in section 1. Unlike the N = 2 D = 5 case, where only the radion and the gravity multiplet convey the message of the supersymmetry breaking, now due to the underlying structure of the higher dimensional supergravity we have more messengers participating, for each multiplet accommodating the scalars a i , but the qualitative features remain essentially the same. In the absence of supersymmetry breaking at the hidden brane, the gravitino is massless and no supersymmetry breaking terms are induced for the observable fields since bosonic and fermionic loops cancel each other due to supersymmetry.
This states that only fermion loops need be considered, as will be explained later, in which the gravitino and other fermionic states, like the fermion of the radion multiplet, which acquire masses via the superHiggs effect, are exchanged.
The fermionic components can be grouped as four component symplectic Majorana Dirac spinors in the following way
where ψ For the calculation of the induced soft masses, the pertinent interaction terms on the visible brane are
while for the calculation of the induced soft trilinear couplings the relevant terms are Other fermionic contributions do exist but they are supersymmetric in nature, not depending on the gravitino mass, m 3/2 , and hence not vanishing in the limit of m 3/2 going to zero. These latter contributions need not be calculated since they cancel against the corresponding bosonic loop contributions due to supersymmetry ( see for instance [25] ). Therefore the procedure we employ in the following picks up the supersymmetry breaking contributions which is our principal goal.
In (32) we tacitly assume that the Kähler function K V (ϕ, ϕ * ) of the observable fields can be expanded as K V (ϕ, ϕ * ) = ϕϕ * + ... so that the first terms yield canonical kinetic terms for the scalar fields ϕ . With k 2 5 appearing in front of the interactions above the dimensionality of the fields Ψ m , Ψ i is two, that is their mass dimension in the five-dimensional space-time, which implies their propagators are massless 8 . In (32, 33 ) the matrices Γ and Σ are combinations of gamma matrices and L, R projection operators in general and depending on the case they carry indices j = 1, ... n T + 1 labeling the fermions Ψ j , see Eq. (31).
Since we are interested in fermion loops connecting the hidden to the visible brane, we need the Ψ m , Ψ j propagators. These fermionic states are mixed in the kinetic and / or mass terms, however by a suitable gauge choice the Ψ m disentangles from Ψ j in the kinetic terms. Therefore we can calculate the gravitino and Ψ j 's massless propagators which are easy to find and treat the mass-mixing terms as insertions. That was also the treatment followed in [31, 32] . Then we use the Dirac and gravitino propagators in the mixed momentum-configuration space representation [21, 56, 57] which, suppressing indices, have the generic form ∆(p, y, y ′ ) , to be given below. In it y, y ′ label points along the fifth direction and p is the four dimensional momentum. For the case of interest only propagations from one brane to the other and propagations on the same brane are encountered so y, y ′ can take values 0 or πR. In this case the massless propagators ∆(p, y, y ′ ) get a rather simple form
In these λ, λ ij are dimensionless constants and the function S(p, y, y ′ ) is given by
In (34) G mn and G ij are the the propagators of the gravitino and the fermions Ψ i . Note that these carry zero dimensionality in conform with the fact that the fermions carry dimension two, as already discussed.
In figure 1 we give examples of mass corrections to the visible scalar fields. In this, lower vertices V are on the visible brane and upper vertices V 1,2 are located on the hidden brane. The dashed lines represent scalar fields on the visible brane and the solid lines all possible fermion 8 In (32) and (33) we have reinstated dimensions by introducing the five-dimensional gravitational constant k 19 GeV . propagators that can be drawn. The vertices V , stemming from the interaction (32), give rise to soft scalar masses squared. Similar graphs with V replaced by the interaction (33) induce trilinear soft couplings. Allowing for gauge fields on the brane gaugino masses can arise in a similar manner. In that case gaugino fields can be also exchanged ( see [32] ). From the one-loop graph on the left pane of 1 we have a contribution which, suppressing all indices, for simplicity, is given by
External momenta of the scalar fields have been put to zero. The graph on the right pane has a similar structure. In (36) ∆ denotes either a gravitino or a fermion propagators in all possible ways allowed by the interactions, and the mass terms are treated as insertions. For the graphs displayed in 1 the vertices are V = k 2 5 / p and V 1 = V 2 = k 2 5 c as follows from (32) and (33) . Thus up to a dimensionless constant (36) yields
In the first equation above q ≡ −p 2 and in the second equation we passed to Euclidean momenta. Also the integration in the ξ variable yields 3 ζ(3) where ζ(3) is the Riemann zeta function. In passing to the the last expression, we used the value of the lowest mode gravitino mass, m 3/2 = k 2 5 c/πR , and a dimensionless coupling was defined by g ≡ 
where C 1 is a finite non-zero dimensionless constant of order unity. The two loop graph on the right pane of 1 can be handled in the same way. In this case we have an extra vertex V an extra fermion propagator and a scalar propagator on the visible brane. Its contribution is
The momenta q i above are q i ≡ −p 2 i , see Eq. (35) . Also (p 1 + p 2 ) 2 in the numerator comes from the two V -vertices while (p 1 − p 2 ) 2 in the denominator from the boson propagator on the visible brane. Notice that there are no cosine terms in the numerator, as the ones appearing in (35) , since all fermion propagators connect the visible to the hidden brane in this case. Certainly it is not our intention to proceed to a two loop calculation of the soft SUSY-breaking parameters and the only reason of presenting (39) is to derive an order of magnitude estimate that will be useful for the discussion that follows. Proceeding in the same way as before it is not hard to see, by first passing to Euclidean momenta and then rescaling them, in order to have dimensionless integrals, that a correction arises which is proportional to ∼ g 2 m 2 3/2 . This argument is sufficient for one to be convinced that the dimensionless coupling g defined before serves as a proper loop expansion parameter. This can be expressed in terms of the Planck mass as
Therefore from the previous discussion it is evident that the induced soft scalar masses can be written, in general, as
Similar results hold for the soft gaugino masses and the trilinear couplings as well,
The constants C k are dimensionless and they are different, in general, for each of the parameters
It is obvious from these results that loop expansion is a valid approximation provided g < 1 (43) or, on account of (40), when R −1 < π 3/2 M P lanck which allows for large values of the radius R .
It should be pointed out that, the corrections to the soft parameters presented before are valid to any loop order but only to lowest order in the gravitino mass. However, there are corrections that are of higher order in the gravitino mass. For instance, for the gaugino mass, if the quadratic in the gravitino mass corrections are added, we have
Therefore the calculation of the induced soft-supersymmetry breaking terms, to lowest order in the gravitino mass, can be trusted provided
Thus in this approximation, given the value of R, an upper bound is imposed on the gravitino mass 10 . In the regime (45) , corrections that are of higher power in the gravitino mass are irrelevant. This facilitates calculations a great deal. Therefore we conclude that in addition to (43) , which guarantees a valid perturbative expansion, the bound given by (45) should be observed so that the resulting soft breaking terms are trusted to lowest order approximation in the gravitino mass. Thus the region of the parameters for which the scheme presented makes sense is defined by (43) and (45) and these limits are important for phenomenological analysis
Using the bound (45) it is found that the induced gaugino mass M 1/2 ∼ g m 3/2 is also bounded from above by (46) while similar bounds hold for the other soft breaking parameters as well. The absence of any supersymmetry signals at LHC indicates that the upper bound (46) set for M 1/2 should be larger than a few TeV, at least. Therefore (46) sets a lower bound on R −1 which combined with the upper bound from (43) sets the allowed range of values for the size of the orbifold,
From this we derive a lower limit R −1 1.66 × 10 11 TeV if M 1/2 ∼ 1 TeV . Therefore the radius R can be large but not larger than ∼ 10 −11 TeV −1 , if supersymmetric masses are heavier than ∼ TeV. For a given value of R in this regime the value of g is determined by (40) .
The soft SUSY breaking parameters, and consequently the mass spectrum of supersymmetric particles, is determined when in addition to R the value of the gravitino mass is given, which however should be smaller than R −1 by (45) . In Table 1 we display representative values of 10 This bound is the consistent with m 3/2 = k 2 5 c/πR which also holds in this regime ( see footnote 2 ). In the first column the value of R −1 is given ( in TeV ). In the second column the corresponding value of the loop expansion parameter g is given and in the third the allowed range for the gravitino mass is shown. In the the fourth and fifth columns the corresponding allowed ranges for the soft SUSY-breaking parameters are given. All masses are in TeV . heavier than the gauginos. This mimics the models of split supersymmetry [58] [59] [60] [61] and shows that in the proposed six-dimensional supergravity framework a split supersymmetry scenario can be accommodated, in principle.
As is seen from the last row of Table 1 , as the value of R −1 approaches the Planck scale the restrictions put on the gravitino mass, other than the phenomenological ones, are loosen and m 3/2 can take any value from the TeV to the Planck scale. In this case g ≃ 1 and the effective supersymmetry breaking scale in the observable sector is of the same order with the gravitino mass.
Conclusions
In this note, motivated by the recent developments pertinent to the six-dimensional description of the supergravity theory, we study the orbifolded N = 2, D = 5 supergravity as originating from a D = 6 supergravity. In particular we considered a six-dimensional supergravity model, with tensor multiplets, which is truncated to a five-dimensional supergravity by the KaluzaKlein approach, followed by orbifold compactification on S 1 /Z 2 . The arising model is described by a five-dimensional supergravity with two four-dimensional branes residing at the end points of S 1 /Z 2 , having local N = 1 supersymmetry on them. The resulting model has striking similarities with supergravitiy models studied in the past that they are not connected to higher dimensional schemes. The novel features that the connection with the six-dimensional supergravity brings about, is the fact that additional chiral multiplets appear which can convey the messenge of supersymmetry breaking from one brane to the other. Besides, the particular compactification approach results to an effective supergravity on the four-dimensional branes with special characteristics. In particular the additional scalar fields, whose presence in due the tensor multiplets, parametrize a Kähler manifold having a no-scale structure which could not have been anticipated. The no-scale structure is dictated by the radion field, which is a combination of the moduli fields, and it is derived from the six-dimensional theory.
The supersymmetry breaking that takes place on the hidden brane is transmitted through the bulk by gravity to the observable fields which are assumed to be confined on one of the branes. The magnitude of the supersymmetry breaking is set by the gravitino mass and the size The salient qualitative features of the five-dimensional schemes regarding the supersymmetry breaking remain almost intact, indicating that the supersymmetry breaking mechanisms studied in the past can be easily incorporated in higher dimensional schemes. A more detailed theoretical and phenomenological study of these models will appear in a forthcoming publication.
Appendix
A The scalar potential on the brane
For the calculation of the scalar potential given in (23) we need K αβ * and K α * , as well as its complex conjugate K α . The indices take values i = 0, 1, 2, corresponding to the fields a 0 , a 1 , a 2 , and m corresponding to a scalar φ m living on the branes. For K α we find from (22)
In these, i = 0, 1, 2 and n 0 = 2, n 1 = n 2 = 1/2 and K is either K V or K H depending on which brane, visible or hidden, the scalar potential refers to ( see equation (22)). In the following we shall present the calculation for the scalar potential on the visible brane. The result can be applied for the hidden brane, as well, replacing the visible Kähler function and superpotential by the corresponding ones for the hidden brane. For definiteness in the following we shall assume that only one scalar field lives on the brane, ϕ. This suffices to demonstrate how one arrives at the result presented in (25) . The elements of the inverse matrix K αβ * are given by
In deriving (A.2) we have omitted terms which are of order ∆ (5) , or higher, the reason being that (23) already includes a prefactor ∆ 2 (5) and we are interested in potential terms up to second order in ∆ (5) .
For the calculation of the scalar potential we first write the expression in (23) which involves
In writing this we have made use of the fact that the superpotential W does not depend on the fields a i , therefore W i =W i * = 0. Then having the analytic forms of the quantities given by (A.1) and (A.2) is fairly easy to see that
In it the ellipsis denote terms of order ∆ (5) , which can be neglected if we keep terms in the potential that are most quadratic in ∆ (5) . Recall that the potential, as given by equation (23) , already carries a prefactor which is quadratic in ∆ (5) . The result (A.4) states that the last negative term in the potential (23), namely −3 |W | 2 , is exactly cancelled by the first term appearing on the r.h.s. of (A.3). The terms in (A.3) which involve K ϕβ * K β * are easily found to be proportional to ∆ (5) and hence do not contribute to the desired order. Therefore it only remains to examine the last term K ϕϕ * W ϕ W ϕ * , which by using the expression for K ϕϕ * in (A.2), yields
In passing to the last equation we used the fact K ϕ ϕ * K ϕ ϕ * = 1. Using the above equation in (23) we arrive at
which is just the result presented in equation (25) for the case of one chiral multiplet. This result can be generalized for an arbitrary number of multiplets and it can be also used for the hidden brane as well, with K and W replaced by their corresponding quantities on the hidden brane. Since we have assumed a constant superpotential on the hidden brane the derivatives W ϕ ,W ϕ * are set to zero yielding a vanishing scalar potential on the hidden brane.
